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An evaluation of methods for monitoring the quality of water used to wash eggs at grading stations was
undertaken to improve maintenance of bacterial viability during overnight sample transport. Bacterial content
of samples at analysis would then better reflect conditions at the time eggs were washed. The interactive effects
of temperature and the highly alkaline water conditions upon viability were the subjects of this study. Nine
transport methods were examined for their efficacy in recovering total and coliform bacteria from recycled
water used to wash eggs, and these were compared with samples analyzed at two commercial egg grading
stations. Samples were shipped under test to the laboratory for analysis the following day. The survival of
Staphylococcus aureus and Escherichia coli was also examined, but in a synthetic washwater matrix under
various combinations of temperature (6 to 32°C) and pH (9.5 to 10.5) to determine whether there was likely to
be a different response to variations in transport treatment among gram-positive and -negative bacteria. S.
aureus was much more resistant to the lethal effects of high pH and moderate temperature than E. coli. These
results indicated that samples of high pH should be held (transported) at l13°C to optimize bacterial survival.
Considering cost, ease of manipulation, and the ability to protect both coliforms and the bacterial population
as a whole, the method of choice for transport of industrial samples was the direct addition of washwater to
containers in which powdered KH2PO4 and Na2S203 had been placed to yield final concentrations, when
dissolved, of 0.2 and 0.05% (wt/vol), respectively.
One step in the process of preparing fresh hen's eggs for
market is a light abrasive washing. While eggs pass through
the washer on conveyor rollers, the washwater is recir-
culated, being changed from every 4 h in some grading
stations to once every 8-h shift in others (5). Shells and meat
from broken eggs, filth, and a substantial microbial load
rapidly accumulate in recycled washwater (6). Although the
regular addition of detergent keeps the washwater highly
alkaline, clumps of particulate matter in the water can afford
protection to bacteria. In addition, Moats (11) noted that a
heavy organic load lowers pH toward neutrality and that
wash water temperatures in high-volume machines are often
sublethal for most bacteria. If not carefully controlled, it is
possible that egg washing can contaminate rather than clean
eggshell surfaces (10).
Monitoring the bacterial content of egg washwater at
grading stations is a necessary step to achieve effective
sanitary control. Currently there are no guidelines regarding
the bacterial quality of washwater, but our experience has
shown that Salmonella spp. can often be detected when the
total numbers are >105/ml. Presently, wash water samples
from grading stations are transported under refrigeration to
regional laboratories where bacterial analyses are conducted
the following day. Ideally, these analyses should be con-
ducted at the time of sampling, but in most instances this is
not possible because grading stations usually lack suitably
trained personnel and appropriate laboratory facilities. It
therefore became important to determine what influence the
conditions of transport play upon the viability of bacteria
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present at the time of sampling by comparison with levels
present following the delay due to transport.
This study was designed to choose a method for the
overnight transport of egg washwater which stabilized the
microbial population during the time between sampling at
the grading station and analysis at the laboratory the next
day.
MATERIALS AND METHODS
Comparison of transport methods. Five separate visits
were made to each of two different grading stations in
Ontario; Lamoureux (St. Isidore, Ont.) and Burnbrae Farms
(Lyn, Ont.). At one station a chlorinated egg-wash com-
pound, Best Egg (Diversey Wyandotte Inc., Mississauga,
Ont.), was used, while at the other plant a nonchlorinated
detergent, Heavy Duty Egg Wash (Klenzade Division, Eco-
nomics Laboratory, Toronto, Ont.), was routinely used
without a chlorine rinse. Both proprietary products gener-
ated a highly alkaline condition (>pH 11.0) when dissolved
in water at the manufacturer's recommended concentra-
tions. At each visit two to four different sets of samples were
taken and treated by each of the 10 different methods of
enumeration. One set was taken at the start of the morning
shift (clean water); another was taken 3 h later (dirty water).
The third set was taken after work began in the afternoon
(clean water), and the last was taken 3 h later at the end of
the shift (dirty water). Due to occasional production diffi-
culties and the periodic use of unsuitable sample dilutions,
results reported summarize 28 sets of total count data and 24
sets of coliform analyses.
Egg-washing machines (Featherlight model 3120; CSH
Industries Inc., Cape Coral, Fla., and Diamond model 150,
Diamond Automation, Farmington, Mich.) in use at these
plants had a maximum capacity of 240 to 250 cases (15 dozen
eggs each) per h.
Each time a sample was taken, its pH was measured by
meter (Fisher portable model 119, Fisher Scientific Co. Ltd.,
Toronto, Ont.) and paper (Panpeha universal, 0-14;
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TABLE 1. Relative cost of disposable materials necessary to
conduct bacterial analysis of egg washwater by nine different
methods of sample analysis and transport
Relative
Treatmenta cost
($U.S.)b
1. Laboratory plating, no additionsc ........ ............... 1.00
2. Iso-Grid filtration........................................ 9.37
3. Millipore water tester ................. .................. 31.70
4. 0.2% KH2PO4d .......................................... 1.01
5. 0.2% KH2PO4 + 0.05% Na2S203 ........ ............... 1.01
6. TSA pour plate, 1.0-ml undiluted sample................ 1.14
7. TSA solid, 1.0-ml undiluted samplee ....... ............. 1.14
8. Treatment 7 + 0.2% KH2PO4e........................... 1.15
9. Treatment 7 + 0.2% KH2PO4 + 0.05% Na2S203e ...... 1.15
I Treatments 1, 4, and 5 were transported as liquid wash water. Treatments
6 to 9 were transported in agar. Plated samples as well as other treatments
were transported to the laboratory in refrigerated containers. The control
treatment was diluted in-plant pour plating.
b Based on analysis of three dilutions in duplicate by an established
laboratory: no equipment purchases, labor costs, or delivery charges in-
cluded. Costs include consumed supplies only. The cost of TSA pour plating
in-plant is not presented here since this treatment was not considered a
practical alternative.
c TSA pour plated following overnight refrigeration.
d Treatments 4 to 9 were completed after overnight storage at 6°C.
eAl-ml undiluted sample spread on the surface of pre-poured agar plates.
Schleicher & Schuell, Inc., Keene, N.H.) and its tempera-
ture was measured by both meter (model 119; Fisher Scien-
tific) and thermometer (range, -20 to 115°C). The percent
(weight/volume) total solids of washwater samples was de-
termined by Association of Official Analytical Chemists
method 33.041, substituting Al for Pt (1).
Immediately upon sampling at the egg grading station,
washwater was serially diluted with 0.1% (wt/vol) peptone to
10-' and pour plated in duplicate, using tryptic soy agar
(TSA; Difco Laboratories), Detroit, Mich.) for total numbers
of bacteria. Violet red bile agar (VRB; Difco) overlaid with
VRB was utilized for coliform counting, using undiluted
samples and samples diluted to 10-2. These were considered
the control plates with which the other nine treatments were
compared (Table 1).
Treatment 1 consisted of approximately 200 ml of un-
treated washwater, collected in a sterile cup (specimen
container, 8 oz [226.8 g], no. 4015; Becton Dickinson Lab-
ware, Oxnard, Calif.) and placed into a Divajex Styrofoam
cooler (18 by 18 by 25 cm; Canadian Tire Corp., Ottawa)
with three 500-g frozen reusable artificial ice packs for
transport to the laboratory, where analysis was performed
after overnight refrigeration at 6°C.
The dilutions from the control plating were also utilized in
treatment 2 for analysis by Iso-Grid filtration (Q. A. Labo-
ratories Ltd., Toronto). The Iso-Grid method involved se-
quential filtrations of 10 ml of sterile distilled water, 10 ml of
diluted wash water, and 10 ml of 0.1% (wt/vol) peptone
through a 0.45-p.m-pore polysulfone filter stamped with a
hydrophobic grid. The filter was placed on TSA containing
0.25 g of Fast Green FCF dye (Sigma Chemical Co., St.
Louis, Mo.) per liter for total numbers (4) or on membrane
filter fecal coliform agar (Difco) without rosolic acid for
coliform numbers. Between samples, the filter apparatus
was sterilized in a pressure cooker at 15 lb/in2 for 15 min.
Inoculated filter-containing plates were transported under
refrigeration to the laboratory, where they were incubated at
32°C. Only blue colonies were counted on membrane filter
fecal coliform agar.
Treatment 3 involved a dilution of the washwater sample
with a Millipore dilution kit (1.8- and 18-pI sample transfer;
Millipore Ltd., Mississauga, Ont). The SPC Millipore paddle
(red SPC water tester, MSPC 00025) was used to measure
total numbers and the Coli-Count paddle (blue Coli-Count
water tester, MCOO 00025) was used to measure coliform
levels. The Millipore membrane filters had a pore size of 0.45
pum, and each paddle was immersed in the sample for 30 s.
Washwater samples (100 ml) were also poured into sterile
glass bottles (Corning 1372; Fisher Scientific) containing 0.2
g of KH2PO4 (treatment 4) or 0.2 g of KH2PO4 plus 0.078 g
of Na2S203 * 5H20 (treatment 5), were shaken well, and
were placed in a Coleman chest cooler (31 by 31 by 56 cm)
with four frozen 500-g "artificial ice" freezer packs.
A 1-ml portion of washwater was utilized in each of the
following four transport methods. A 25-ml amount of molten
(47°C) TSA was added to the undiluted sample in a petri
plate (treatment 6), mixed, allowed to solidify, refrigerated,
and transported to the laboratory. For the remaining tests,
25 ml of TSA (treatment 7), 25 ml of TSA containing 0.2%
(wt/vol) KH2PO4 (treatment 8), and 25 ml of TSA containing
0.2% KH2PO4 plus 0.05% (wt/vol) Na2S203 (treatment 9)
were aseptically poured into petri plates and allowed to
solidify, and 1 ml of undiluted washwater was spread evenly
over the surface of the agar. All plates for surface inocula-
tion had been prepared and dried at ambient temperature
(22°C) for 1.5 h in a laminar-flow hood in the laboratory prior
to use at the grading stations. All plated samples were
transported upright in the Coleman chest cooler back to the
laboratory for bacterial analysis.
Upon reaching the laboratory, control plates containing
diluted sample and treatments 2 and 3 (inoculated filters)
were placed in an incubator at 32°C. All liquid and solid
support media were stored overnight in a refrigerator at 6°C
to simulate transport conditions in the field. The next day,
treatments 1, 4, and 5 were diluted in 0.1% (wt/vol) peptone
and pour plated in either molten TSA or VRB with VRB
overlay (VRB/VRB). The agar transport samples (treatments
6 through 9) were weighed to the nearest gram in a sterile
stomacher bag, brought to 100 g with 0.1% (wt/vol) peptone
to yield a 10-2 dilution, and massaged in a stomacher (model
400; A. J. Seward, London, England) for 90 s. These were
further serially diluted and pour plated in molten TSA and
VRB/VRB. Total count plates and SPC water tester paddles
were incubated at 32°C for 48 h, whereas the coliform plates
(VRBIVRB) and Coli-Count water tester paddles were incu-
bated at 32°C for 24 h (15).
Staphylococcus aureus and Escherichia coli survival. Sterile
distilled water and the meat of one egg were combined in a
sterile Waring blender for 1 min to give a 10% (wt/vol) whole
egg suspension. This was diluted 1:10 in sterile distilled
water to yield a 1% (wt/vol) whole egg suspension. Aliquots
(250 ml) of 1% whole egg suspension were brought to pH 9.5,
10.0, or 10.5 with a 10% (wt/vol) filter-sterilized solution of
Best Egg detergent, and aliquots were equilibrated at tem-
peratures of 6, 13, 22, and 32°C. These mixtures were
therefore a synthetic form of the washwater and are further
described as synthetic washwater.
S. aureus ATCC 27661 and E. coli W (an isolate from a
poultry hatchery) were cultured in tryptic soy broth (Difco)
for 18 h at 32°C and used in these tests.
To 100-ml aliquots of the temperature-equilibrated
washwater were added 0.1 ml each of the S. aureus and E.
coli cultures. Samples (1 ml) were removed at 0, 3, 6, and 24
h. Serial dilutions were made with sterile 0.1% (wt/vol)
peptone, and appropriate samples were pour plated with
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2062 PEARSON ET AL.
molten TSA and VRB/VRB. The plates were incubated at
32°C for 48 and 24 h, respectively.
Statistical evaluation of transport data. Logarithmic trans-
formation (base n) was applied to the total count data, but
because 44.2% of coliform tests yielded no detectable organ-
isms, zero values were, for statistical treatment, considered
to be unity following transformation to log n. These data in
Tables 2 and 3 are recorded as log(base 10). A variety of
unexpected problems were encountered with the Iso-Grid
technique (treatment 2) which were largely due to inexperi-
ence. In 16 of 28 data sets, control (in-plant plating) and
Iso-Grid filtrations were repeated in parallel during four
additional visits to grading stations. Similarly, inappropriate
dilutions or contamination invalidated one observation each
of treatments 4 and 6, and these were repeated along with
controls. Four coliform analyses with treatment 3 and one
with transport treatment 6 were also repeated. To validly use
these data in the statistical analysis, repeated test control
values were corrected to initial control values from the
original data sets. These same proportional corrections were
applied to the repeated observations and used in the statis-
tical comparisons. Means of duplicate or triplicate results
were used to calculate mean differences between each
treatment and the control (in-plant) pour plate results. Each
treatment was then compared separately with its respective
control in this variance analysis procedure. Essentially, nine
paired tests for differences between control results and
treatments were conducted for each mean of total count and
coliform recoveries. The variance of the differences was
calculated for each treatment, and 95% confidence intervals
were constructed for these variance estimates. A desirable
method would have both a small mean difference and a small
variance of the differences.
RESULTS AND DISCUSSION
Agriculture Canada spends considerable time and effort in
collecting egg washwater samples for analysis of bacterial
content in an attempt to improve egg-washing efficacy. It has
been assumed that the procedures used yielded results which
reflected the numbers and types of bacteria present when
eggs are being washed. However, washwater is an inhospi-
table environment in which many bacteria cannot survive
long (10). The delay encountered in transporting samples to
approved laboratories for analysis can affect the efficiency of
bacterial recovery. Under certain circumstances both
growth and death of bacteria can occur (7, 8, 14). Results
obtained can give a false impression of the numbers of viable
bacteria present at the time samples were taken. Coliforms
are particularly vulnerable to the lethal effects of the
washwater alkalinity (8). The pH of washwater ranges from
8.9 to 11.0 but is most often just below 10.0. The temperature
of water used for egg washing is usually about 38 to 44°C but
often is <38°C. The mean + standard deviation (SD) of 36
samples tested during the present study was 38.3 + 2.3°C
(range, 33.2 to 43.7°C). Temperatures of washwater during
transport often reach 13°C, although 8 to 12°C is most
common. During the current study, washwater samples
ranged in temperature from 9 to 16°C upon arrival in the
laboratory.
Preliminary experiments (R. A. Holley, unpublished data)
had shown that the test procedures used in this study
provided better results than those obtained by using the
nutrient broth-boric acid-NaCl medium of Brodsky et al. (3)
or by freezing with cryoprotectants (9). These tests also
included an assessment of KH2PO4 performance, and 0.2%
(wt/vol) proved to be the optimal concentration.
TABLE 2. Recovery of total bacteria from egg washwater, using
different methods of sample transport
Mean (loglo 95% Confidence
bacteria per Mean Variance of limitsTreatmenta ml of differencec differencesd
washwater)b Lower Upper
1 5.77 0.157 0.141 0.088 0.261
2 5.73 -0.056 0.008 0.005 0.015
3 5.63 0.119 0.056 0.035 0.104
4 5.57 -0.040 0.101 0.063 0.187
5 5.58 -0.024 0.082 0.051 0.152
6 5.71 0.141 0.306 0.191 0.567
7 5.74 0.133 0.180 0.113 0.333
8 5.67 0.060 0.086 0.051 0.152
9 5.66 0.048 0.076 0.048 0.141
a Transport methods as in Table 1, footnote a.
b Means of 28 observations in duplicate.
c Mean of the 28 differences, treatment minus control (in-plant pour plates,
using TSA), where both treatment and control are means of duplicate
determinations.
d Variance of the 28 differences. The standard error of the mean differences
can be computed by dividing entries in this column by 28 and taking the square
root of the results (e.g., for treatment 1, the standard error of the mean
difference is 0.071).
The nine washwater transport methods examined in the
present study were compared with results from samples pour
plated immediately at the grading stations to assess their
suitability for routine use. The in-plant control mean ± SD
for total numbers of bacteria was 5.58 ± 0.79 (log1o) per ml,
and values ranged from 3.23 to 7.20 (log1o) per ml. A cost
comparison among these nine methods was also conducted,
taking into account only costs for disposable supplies (Table
1). The Iso-Grid and Millipore filtration systems were sub-
stantially more expensive than the other procedures evalu-
ated. These high relative costs might be reduced if the
number of assays per sample (three dilutions in duplicate)
were reduced and labor costs were included. In the case of
Iso-Grid filtration, the estimated cost would be roughly
comparable with the majority of techniques used if single
filters were used per sample as recommended (4). The
remaining methods of transport could be initiated in an
established laboratory (exclusive of charges for sample
delivery and labor) at a cost of $1.99 to $2.29 (U.S.) per
sample.
The results of a statistical comparison of total bacterial
recovery obtained by the various test methods is presented
in Table 2. For recovery of total bacteria, Iso-Grid filtration
provided the most consistent results, with a variance of
differences from the controls of 0.008, while the Millipore
filtration method showed the smallest mean difference and
second smallest variance of difference compared with the
control platings. The third most preferred method of trans-
port was the use of KH2PO4 plus Na2S203 in either a liquid
or a solid agar medium. Fourth choice would be KH2PO4
alone in liquid or solid support, while the remaining trans-
port procedures (no additions [treatment 1], TSA pour plate,
and TSA spread plate) were inadequate due to both large
variances of differences and large mean differences.
Coliforms were not recovered from 7 of 24 replicate tests
by the in-plant control plating technique, Iso-Grid filtration
(treatment 2), or liquid KH2PO4 plus Na2S203 (treatment 5)
transport method. Similarly, in eight tests with treatment 4,
10 tests with treatments 8 and 9, 11 tests with treatment 7, 12
tests with treatment 6, 14 tests with unamended washwater
(treatment 1), and 15 tests with Millipore water testers
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TABLE 3. Recovery of coliform bacteria from egg washwater,
using different methods of sample transport
Mean (logl0 Cfe
Treatmenta coliforms Mean Variance of nimitsper ml differencec differencesd limits
of washwater)b Lower Upper
1 0.63 -0.951 0.559 0.338 1.100
2 1.62 0.041 0.088 0.053 0.173
3 1.16 -0.198 0.357 0.216 0.702
4 1.49 -0.087 0.132 0.080 0.260
5 1.49 -0.086 0.124 0.075 0.244
6 1.65 0.059 0.792 0.478 1.558
7 1.59 0.010 0.709 0.428 1.395
8 1.64 0.057 0.544 0.329 1.070
9 1.62 0.041 0.425 0.257 0.836
a Transport methods as in Table 1, footnote a.
I Mean of 24 observations in duplicate.
c Mean of the 24 differences, treatment minus control (in-plant pour plates,
using VRB), where both treatment and control are means of duplicate
determinations.
d Variance of the 24 differences. The standard error of the mean differences
can be computed by dividing entries in this column by 24 and taking the square
root of the result.
(treatment 3), no coliforms were recovered. Thus, in a very
fundamental sense, it appeared that most test methods were
better for recovery of coliforms than was the use of
unamended washwater. Since overnight resuscitation on
nonselective agar (TSA) in treatments 6 to 9 did not improve
recoveries over the other techniques, sublethal injury of
coliforms was not considered an important factor in the
interpretation of the data.
The analysis of egg washwater for coliforms yielded
results slightly different from total bacterial recoveries when
both the mean difference compared to the control platings
7- pH 9.5
,b
o 4
0
and the variance of those differences were considered (Table
3). The descending order of statistical merit was as follows:
Iso-Grid filtration with a mean difference of 0.041 and
variance of differences of 0.088; KH2PO4 plus Na2S203 in
liquid support (-0.086 and 0.124, respectively); and KH2PO4
liquid treatment (-0.087 and 0.132, respectively). The re-
maining transport procedures, no addition (treatment 1),
Millipore filtration, and the four solid support media, all had
large variances. A possible explanation for the large variance
of differences in treatments in which the solid support was
used lies in its reduced sensitivity, the level of detection
being 50 per ml, which was in some cases higher than
coliform levels at high pH (the control plating would have
detected 3.5 coliforms per ml). The in-plant control mean ±
SD for coliforms was 1.40 ± 1.41 (log1o) per ml, and the
values ranged from 0 to 4.41 (log1o) per ml by this method.
When all four aspects of washwater analysis (total viable
bacteria, coliform numbers, ease of sampling, and cost) were
taken into account, the method of choice was 0.2% KH2PO4
plus 0.05% Na2S203 added in a granular state to undiluted
wash water.
The mean (± SD) solids content of 35 of the 36 different
samples of washwater examined in this study was 0.51 ±
0.36% (wt/vol) and ranged from 0.15 to 1.87% (wt/vol). The
applicability of the method to samples having higher solids
content is not known at present, but work is continuing to
address this question.
Iso-Grid membrane filtration may provide an underesti-
mate of bacterial numbers, especially if the sample popula-
tion has undergone any stress. The designers of this mem-
brane filter, Q. A. Laboratories, report that only an 80 to
90% recovery of the bacterial population can be expected
without a previous resuscitation step (2). However, we
found Iso-Grid filtration to provide the most consistent
results, closely paralleling control values.
Time (hours)
FIG. 1. Effect of temperature and pH on viability of E. coli and S. aureus in synthetic egg washwater of pH 9.5, 10.0, and 10.5 during
storage at 6°C (0), 13°C (0), 22°C (A), and 32°C (A).
VOL. 53, 1987
 o
n
 N
ovem
ber 10, 2015 by University of Queensland Library
http://aem
.asm
.org/
D
ow
nloaded from
 
2064 PEARSON ET AL.
LL 5
LL
0
4-
3
3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24 3 6 9 12 15 18 21 24
Time (hours)
FIG. 2. Effect of temperature and pH on viability of E. coli in synthetic egg washwater of pH 9.5, 10.0, and 10.5 during storage at 6°C (0),
13°C (0), 22°C (A), and 32°C (A).
An evaluation of the Millipore SPC sampler kit done by
Silley (13) showed a significantly lower bacterial recovery
than standard pour plating with plate count agar (Oxoid CM
326). However, Rey et al. (12) reported consistently higher
recovery of bacteria with Millipore SPC samplers compared
with plate count agar after 48 h of incubation. The inconsis-
tency of the Millipore samplers' performance in these vari-
ous trials as well as their comparative high cost mean that
this system is less desirable than other methods for the
microbial analysis of egg washwater.
Although filtration methods were significantly more ex-
pensive in terms of the cost of supplies, they tended to be
less expensive in terms of labor. Insofar as their application
to washwater sampling is concerned, there seemed to be a
need for prior experience with the techniques before they
could be successfully used. Facilities at the grading stations
were not adequate for their routine use by inspection staff.
A study was also performed to examine the effect of
temperature on coliform and total bacterial survival during
transport at high pH. E. coli and S. aureus were chosen as
test organisms because they represented both gram-positive
and -negative bacterial types. Gram-positive bacteria appear
more resistant to the lethal effects of high pH (8). Figures 1
and 2 illustrate the response of these two bacteria to varying
extreme environmental conditions at different temperatures.
As expected, results showed that total and coliform levels
were reduced with increased temperature and pH. Total
viable bacteria in the mixed culture were not greatly affected
by pH 9.5 at temperatures of 6, 13, and 22°C or by pH 10 and
10.5 at temperatures of 6 and 13°C but were reduced at pH
9.5 at 32°C and pH 10 and 10.5 at 22 and 32°C (Fig. 1).
Numbers of E. coli were not substantially affected by pH
9.5, 10.0, or 10.5 at temperatures of 6 and 13°C but were
dramatically reduced at all three pH values at 22 or 32°C
(Fig. 2). The greater resistance of the mixed culture toward
the injurious and lethal effects of pH is undoubtedly due to
the presence of S. aureus (Fig. 1), which is substantially
more tolerant of high pH than E. coli (8). These results
underline the importance of transporting washwater samples
of high pH under refrigerated conditions (-13'C) to maintain
bacterial viability. In addition, our previous work (14) has
shown the importance of maintaining egg washwater at a pH
of >10 to prevent growth of Yersinia enterocolitica at
temperatures of <150C.
Our findings indicated that addition of granular KH2PO4
plus Na2S203 directly to sampled washwater to yield 0.2 and
0.05% (wt/vol), respectively, was the best method of those
tested to transport egg washwater from the grading station to
the laboratory for analysis, in terms of both consistent
recoveries of viable organisms and ease of manipulation at
the plant. Samples should be chilled quickly and transporta-
tion should be under refrigerated conditions (<130C) (to
maintain the viability of microbial populations present.
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